United States Patent (19]

Takatori et al.

4,500,999
Feb. 19, 1985

[11] Patent Number:
[45] Date of Patent;

(54] LINE EQUALIZER

Hiroshi Takatori, Kokubunji; Toshiro
Suzuki, Tama, both of Japan

[73] Assignee: Hitachi, Ltd., Tokyo, Japan
[21] Appl. No.: 444,227

[75] Inventors:

22] Filed: Nov, 24, 1982
30] Foreign Application Priority Data |
Nov. 27, 1981 [JP] Japan ....cccvvveiiiinreirennes 56-189341
[SI] Int, CL3 o eeeeeiereerennesaee, HO04B 3/14
[52] ULS. Cl coeeeeeeeceeeeteeevereene e 375/16; 333/18;
333/28 R
[58] Field of Search ....................... 375/12, 14, 15, 16;
333/18,28 R, 174; 178/69 M, 69 A, 69 B, 69 H;
179/2 DP
[56] References Cited
U.S. PATENT DOCUMENTS
3,775,688 11/1973 Hinoshita et al. ................ 375/17 X
3,879,664 4/1975 MONSCH tiviveiieveiereererereeenernnns 375/14
4,253,184 2/1981 Gitlin et al. ceovvvveivreeveneenorennns 375714
4,298,983 11/1981 Kawal et al. ..ccivvvenerereneenerennns 375/12
4,388,724 6/1983 GOCKICT oeeereeeeitevecvereviennnnns 375/14

f
_EQUALIZE

| I . '
&~ CONTROL CIRCUIT |
3

4,422,175 12/1983 Bingham et al. .........cooo.o....... 375/14

Primary Examiner—Robert L. Griffin
Assistant Examiner—Raymond C. Glenny

Attorney, Agent, or Firm—Antonelli, Terry & Wands
[57] ABSTRACT

A line equalizer including a \/f_equalizer for compen-
sating a Vf-characteristic of a transmission line, a BT
equalizer connected in series with the \/f_equalizer for
removing an echo component caused by a bridged tap
(namely, BT) on the transmission line, and a circuit for
controlling the \/Fequalizer 1s disclosed. A signal ap-
plied to the \/Fequa]izer 1s subjected to over-equaliza-
tion to make the time domain length of impulse response
at the output of the \/Fequalizer small. The equalization
state of the output of the \/Fequalizer 1s judged by
ii/ggals formed in the BT equalizer, and the gain of the

f equalizer 1s controlled on the basis of the resuit of
judgement. In this manner, the \/t"_equalizer 1S COn-
trolled without suffering any interference between a
control loop of the \/fequalizer and a control loop of
the BT equalizer.

3 Claims, 6 Drawing Figures
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LINE EQUALIZER

The present invention relates to a line equalizer, and
more particularly to a line equalizer suitable for use in a
transmission line having wide line length distribution
and one or more branches (namely, echo paths) on a

main signal path as in a digital telephone system.

In a transmussion line such as an ordinary pair or
co-axial cable, insertion loss i1s increased as the fre-
quency of the signal is higher, that is, a V/f-characteris-
tic 1s generated, due to the skin effect of the line. Ac-
cordingly, in the case where a signal is transmitted by
such a line, an equalizer having a characteristic opposite
to the V/f-characteristic (that is, a \/Fequalizer) 1S pro-
vided in a repeater or the input part of a receiver to
compensate the V{-characteristic, thereby obtaining a
flat frequency characteristic. Further, in the case where
the V-characteristic varies with line length or environ-

mental conditions, a variable equalizer is employed in-

place of the above equalizer, and variations in the V/f-
characteristic are detected to control the characteristic
of the variable equalizer. |

On the other hand, in a telephone system, a main path
1s provided with one or more branch paths or bridged
taps (heremnafter simply referred to as “BT’s”) in order
to prepare for an increase of subscriber’s lines. A trans-
mission line provided with a BT has a complicated
transmission characteristic which cannot be compen-
sated only by a \/f_equalizer. Accordingly, another
equalizer for use in a line provided with a BT (hereinaf-
ter simply referred to as a “BT equalizer™) is added to
the transmission line, together with the \/f_equalizer*
The BT equalizer is formed of an automatic equalizer
for automatically generating an optimum transmission
characteristic tn accordance with the state of the BT.
The line equalizer with the above-méntioned combina-
tion of the Vf equalizer and BT equalizer in the prior
art has various problems. The first problem is that, since
the \/-t:-equalizer and BT equalizer are controlled by
using independent detectors respectively, a control loop
of the \/?pequalizer and that of the BT equalizer inter-
fere remarkably with each other, and therefore inter-
symbol interference is increased. In more detail, the
problem is that an offset of a peak detector for control-
ling the V/f equalizer and a reference voltage error in a
control system of the peak detector increase a variation
in the characteristic of a tap loop of the BT equalizer.

The second problem is that, when two.or more BT’s
each having a length of 300 to 400 m are provided on a
main path, the BT equalizer becomes complicated in
structure and expenstve, since the time domain length of
impulse response is large. That is, in such a BT equalizer
(namely, an automatic equalizer), a plurality of delay
elements corresponding to the time domain length of
impulse response are connected in series, and the tap
output of each delay element is multiplied by a constant
to obtain the sum of products thus formed. Accord-
ingly, the number of taps and the number of multipliers
for multiplying the tap outputs by the constant are in-
creased as the time domain length of impulse response
becomes larger.

The third problem is that it causes not only a conver-
gence of tap coefficients of the BT equalizer to be diffi-
cult but also timing extraction and other operations to
be disturbed greatly. The reason for this is that the peak
of an echo depending on the BT becomes larger than
that of an original main pulse when four or more BTs
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~each producing a maximum insertion loss in the vicinity

of the Nyquist frequency of signal to be transmitted are
provided on a main path. )

A main object of the present invention is to eliminate
the interference between a control loop of a V'f equal-
1zer and a control loop of a BT equalizer, and to reduce
the intersymbol interference.

Another object of the present invention is to reduce
the time domain length of impulse response at an output
signal from a V'f equalizer to reduce the number of taps
and the number of multipliers included in a BT equal-
1zer, thereby simplifying the structure thereof.

A further object of the present invention is to provide
a line equalizer in which an echo peak resulting from a
BT 1s prevented from exceeding a main pulse, and tap
coefficients of a BT equalizer readily converge.

In order to attain the above objects, according to the
present mvention, there is provided a line equalizer in
which a V{ equalizer for compensating a Vf-character-
istic of a transmission line is connected in series with a
BT equalizer for compensating an echo component of
impulse response resulting from a bridged tap. An auto-
matic control circuit for controlling the \/?equa]izer 1S
made up of a first gircuit for judging the equalization
operation of the V/f equalizer by using an internal signal
of the BT equalizer and a second circuit for converting
the output of the first circuit into a control signal for
controlling the Vf equalizer.

In a preferred embodiment of the present invention,
the above-mentioned BT equalizer includes a subtracter
for subtracting the output of an echo detecting circuit
which will be described later, from the output of the V'
equalizer, a decision circuit for discriminating codes of
a data signal (for example, discriminating between lev-
els of “1” and “0” when the data signal is coded with a
binary code, or discriminating among level of “+1”,
“0” and “—1” when the data signal is coded with a
bipolar code) from the level of an output signal of the
subtracter, an equalization error detecting circuit for
detecting an equalization error from the outputs of the
decision circuit and subtracter, and an echo detecting
circuit for generating an echo component from the
outputs of the decision circuit and equalization error
detecting circuit. Further, the control signal for con-
trolling the Vf equalizer is formed from the outputs of
the equalization error detecting circuit and decision
circuit. |

A lne equalizer having the above-mentioned struc-

ture according to the present invention is simple in_

circuit configuration since the control signal for the V'f
equalizer and the control signal for the BT equalizer are
made of the same signals. Further, in this line equalizer,_
interference between respective control loops of the V'f
equalizer and BT equalizer is decreased, and therefore
the intersymbol interference is reduced. Accordingly,
interference in the BT equalizer caused by the offset of
a peak detector which has hitherto been required for
controlling the \/?equalizer, and an error of the refer-
ence voltage used in a control circuit for controlling the
peak detector can be eliminated.

The above-mentioned and other objects and features
of the present invention will become more apparent by
reference to the following description taken in conjunc-
tion with the accompanying drawings, in which:

FIGS. 1 and 4 are a block diagram and a schematic
circuit diagram, showing a construction of an embodi-
ment of a line equalizer according to the present inven-
tion; |
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FIG. 2 is a graph showing frequency characteristics
of the VT equalizer shown in FIGS. 1 and 4;

FIGS. 3 and 5 are waveform charts showing output
waveforms from \/t:-equalizers; and

FIG. 6 1s a waveform chart showing an output wave-
form from the adder 11 shown in FIG. 4.

Now, the present invention will be explained below
1n detatl, on the basis of an embodiment thereof,

FIG. 1 shows, in block diagram form the circuit con-
figuration of an embodiment of a line equalizer accord-
ing to the present invention. An input signal which is
extremely distorted due to a V-characteristic of a main
path and a distortion characteristic of a BT connected
 thereto, is applied to a \/Fequalizer 2 through an input

terminal 1. The V'f equalizer 2 is controlled by a V'

. over-equalization control circuit 4 so that the input
signal 1s put in an appri)/ggiate \/f—over-equalization
state. The output of the Vf equalizer 2 is applied to a
BT equalizer 3. .

The \/Fequalizer 2 may be, for example, a well-
known, Bode-type equalizer or a modified version
thereof. The gain of the V{ equalizer varies in propor-
tion to the square root of signal frequency as indicated
by a broken line A, in FIG. 2, and this gain-V f charac-
teristic 1s varied between solid lines A + and A — by the
control circuit 4 as centered on the line A,.

FI1G. 3 shows impulse responses in each case where
an equalization is carried out to a pair cable 5 km long
and 0.4 mm 1n diameter used for subscriber loops by a
\/Fequalizer for (a) a 5 km long pair cable, (b) a 5.6 km
long pair cable and (c) a 6.1 km pair cable respectively.
In this case, four BT’s each having a length of 500 m are
connected to the pair cable having a length of 5 km at
regular intervals. That is, the equalizers (a), (b) and (c)
for lines which are equal to or longer than the actual
line in length, are used to carry out equalization. The
erqualization using such equalizers (a), (b) and (c) for
lines which are longer than an actual line (hereinafter
simply referred to as “\/f_over-equalization-”) makes
short the time domain length of impulse response and
makes small a ratio of the height of an echo peak to the
height of a main pulse, as shown in FIG. 3.

The BT equalizer 3 not only carries out equalization
so that an echo resulting from a BT is completely re-
moved, but also_compensates an equalization error
caused by the \/Fequalizer. (In the case where a main
path 1s formed by connecting different kinds of cables in
series, 1t 1s impossible to completely compensate the

f-characteristic of the main path by a \% equalizer
even if no BT is connected to the main path. The term
“equalization error” indicates the failure of equalization
in the above case.)

The \/f—over-equalization control circuit 4 judges on
the basis of the internal state of the BT equalizer
whether Vf equalization is carried out in an optimum
manner or not. The result of judgment is fed back to the
\/Fequalizer, and therefore the interference between
the control loop of the \/Fequalizer and the tap loop of
the BT equalizer can be made small.

FIG. 4 15 a schematic circuit diagram showing the
circuit configuration of the embodiment shown in FIG.
1, in more detail. In FIGS. 1 and 4, like reference nu-
merals designate like circuit parts. Since a well-known
equalizer can be used as the \/f'_equalizer 2, detailed
explanation thereof is omitted.

Referring to FIG. 4, an impulse response signal out-
putted from the \/Fequalizer 2 is applied to a subtracter
10 in the BT equalizer 3, to subtract an output signal of
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an echo detecting circuit P from the impuise response
signal. FIG. § shows a wavetorm of the signal outputted
from the \/Fequalizer 2. In FIG. &, a signal portion
having a peak at a time moment OT indicates a main
pulse, and signal portions having amplitudes 20-1, 20-2
and 20-3 at time moments T, 2T and 3T indicate echo
components. Such echo components as shown in FIG. 6
are formed by the echo detecting circuit P, which wiil
be explained later, and supplied to the subtracter 10.
Accordingly, the output of the subtracter 10 does not
contain components causing intersymbol interference,
but contains only the main puise. The output of the
subtracter 10 1s applied to a decision circuit M, to dis-
criminate between codes of data signal. The decision
circuit M is made up of comparators 16-1 and 16-2, an
AND gate 17, an EXCLUSIVE-OR gate 18 and an
NOR gate 19. In the present embodiment, input data s
given in the form of a bipolar code having peak values
Vgpof =1 V. Accordingly, the threshold levels at the
comparators 16-1 and 16-2 are set to +0.5 V and —J.5
V, respectively, and the voitage range of the bipoiar
code 1s divided by the logic circuits 17, 18 and 19 into
three parts, that is, a first part not less than 0.5 V (indi-
cated by X=1), a second part not less than —0.5 V but
less than 0.5 V (indicated by Z=1) and a third part less
than —0.5 V (indicated by Y =1), to determine which
of the three parts corresponds to the level of the input
data. In more detail, when the voitage V, of the main
pulse 1s not less than 0.5 V, the outputs of the compara-
tors 16-1 and 16-2 take a logical value *“1”’. When the
voltage V, is not less than —0.5 V but less than 0.5 V.
the output of the comparator 16-1 and that of the com-
parator 16-2 take logical values 1" and *0”, respec-
tively. When the voltage V, is less than —0.5 V. the
outputs of the comparators 16-1 and 16-2 take the logi-
cal value “0”, As shown in FIG. 4, the outputs ot the
comparators 16-1 and 16-2 are applied to each of the
AND gate 17, EXCLUSIVE-OR gate 18 and NOR
gate 19, which deliver outputs X, Z and Y, respectiveiy.
Accordingly, when the voltage V;is not less than 0.5 V.
that 1s, the input data has a code level of *“1” in a bipolar
code, the output X takes a level of “1”", When the volt-
age V,is not less than —0.5 V but less than 0.5 V. that
is, the input data takes a code level of “0”, the output Z
takes a level of “1”, When the voltage V, is less than
—0.5 V, that 1s, the input data indicates a code levej of
“—17, the output Y takes a level of **1".

An equalization error detecting circuit N is used 10
judge the polarity of the equalization error. In this cir-
cuit, the outputs X, Z and Y make and break switches
21-1, 22-2 and 22-3, respectively, to compare the output
of the subtracter 10, that is. the result of equalization
with a normal level (which is equal to I, Qor — V
according as the level of *“1” is obtained at the output X,
Z or Y) by a comparator 16-3. That is, the switches
22-1, 22-2 and 22-3 act a coefficient circuit. The com-
parator 16-3 delivers an equalization error signai A
(hereinafter designated by *“sgn(e)™).

As mentioned previously. the echo detecting circuit
P 1s used to form the echo components shown n FIG.
6 on the basis of the signals sgn(e), X, Y and Z. The
outputs X, Y and Z of the decision circuit M are applied
to a shift register 15 which is formed by connecting
delay elements 15-1, 15-2 and 15-3 in series. Signais
taken out from taps of the shift register 15 are multipiied
by those coefficients of variable coefficient circuits
12-1, 12-2 and 12-3 which are previously made equal to
the amplitudes 20-1, 20-2 and 20-3 shown in FIG. §6
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through the training method, by multipliers 14-4, 14-5

and 14-6, respectively, and products thus obtained are
summed by an adder 11.

The above-mentioned circuit arrangement of the
echo detecting circuit has been well known, and there-
tfore detailed explanation thereof is omitted.

Further, according to the present invention, informa-
tion for controlling the VT equalizer 2 is formed using
the output signals X and Y of the decision circuit and
the equalization error signal sgn(e), each of which is the
internal information of the BT equalizer 3. In other
words, level information is formed by a logic circuit 25,

10

and used as an input pulse of a counter 26 for control-

ling the gain of the VT equalizer 2.

In more detail, the logic circuit 25 includes an AND
“gate 27-1 applied with the signals sgn(e) and Y, an AND
gate 27-2 applied with the signal X and a signal sgn)/
which 1s obtained by inverting the signal sgn(e) by an
inverter 27, an AND gate 27-3 applied with the signals
Y and sgn)/ , an AND gate 27-4 applied with the signals
- X and sgn(e), an OR gate 28-1 applied with the outputs
of the AND gate 27-1 and 27-2, and an OR gate 28-2
applied with the outputs of the AND gate 27-3 and 27-4.
When the logical values of the outputs of the OR gate
28-1 and 28-2 are expressed by U and D, respectively,
the operation of the logic circuit 25 is given by the
following logical expressions:

D =X-sgn(e)+Y-sgn)/ , U=X-sgn)/ + Y-sgn(e)

The output of the OR gate 28-2 indicated by the
logical value D is used to form a down-pulse for a
counter 26, and the output of the OR gate 28-1 indicated
by the logical value U is used to form an up-pulse for
the counter 26.

For example, let us consider the case where the signal
X takes the level of 17, that is, a large positive pulse is
outputted from the subtracter 10. When the signal
sgn(e) takes the level of “1”, it is indicated that the level
of the outputted pulse 1s higher than the normal level 1
V, and therefore the down-pulse is sent out from the
logic circuit 25. In contrast to the above-mentioned,
when the signal sgn(e) takes the level of “0, the up-
pulse iIs sent out. |

As can be seen from the above-mentioned, the up-

15

20

25

30

35

40

45

and down-pulses are sent out from the logical circuit 25

only when the signal X or Y takes the level of *“1”,
When the signal Z takes the level of “1”, the up- and
down-pulses are not sent out. This is because the output-
ted pulses contains no level information.

These up- and down-pulses are subjected to appropri-

ate filtering at the counter 26, and then used to control

the V'f equalizer 2. The counter 26 is readily formed by
- both an ordinary up-down counter and a decoder, and
therefore detailed explanation of the counter 26 is omit-
ted.

It 1s to be understood that the above-mentioned cir-
cuit configuration has been shown only for the purpose
~of illustration and that various changes may be made in
the details of the circuit and the combination and ar-
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6

rangement of circuit elements without departing from
the spirit and scope of the invention.

What 1s claimed is:

1. A lme equalizer comprising:

a first equalizer for compensating a Vf-characteristic
of a transmission line;

a second equalizer having a subtractor for.subtracting
an echo component from the output of said first
equalizer;

a decision circuit for discriminating code level of an
equalized and coded signal outputted from said
subtractor:;

an equalization error detecting circuit for detecting
an ‘equalization error on the basis of the outputs
from said subtractor and said decision circuit;

an echo detecting circuit for forming said echo com-
ponent from the outputs of said decision circuit and
said equalization error detecting circuit; and

a control circuit for controlling gain of said first
equalizer on the basis of signals obtained in said
decision circuit and said equalization error detect-
ing circuit of said second equalizer.

2. A line equalizer according to claim 1, wherein said
coded signal 1s a bipolar code signal, wherein said deci-
sion circuit includes a first comparator for comparing
the output of said subtracter with a second potential
which is intermediate between zero potential and a first

‘potential corresponding to a code level “1” of said bipo-

lar code, a second comparator for comparing the output
of said subtracter with a fourth potential which is inter-
mediate between zero potential and a third potential

“corresponding to a code level “—1” of said bipolar

code, an AND gate applied with the outputs of said first
and second comparators, an EXCLUSIVE-OR gate
applied with the outputs of said first and second com-
parators, and an NOR gate applied with the outputs of
said first and second comparators, and wherein said
equalization error detecting circuit includes switch
means for setting a reference potential to one of said
first, zero and third potentials in accordance with the
outputs of said AND gate, EXCLUSIVE-OR gate and
NOR gate, and a third comparator for comparing the
output of said subtracter with said reference potential.
- 3. A line equalizer according to claim 2,
wherein said control circuit includes first and second
logic circuits in which the outputs of said AND
gate, NOR gate and third comparator are added,
and an up-down counter which counts down in
accordance with the output of said first logic cir-
cuit and counts up in accordance with the output of
saild second logic circuit, and
wherein the output of said first logic circuit takes a
level of “1” when the outputs of said AND gate
and third comparator take a level of “1”’ or when
the output of said NOR gate and an inverted ver-
ston of the output of said third comparator take a
level of “1”, and the output of said second logic
circuit takes a level of “1” when the output of said
AND gate and said inverted version of the output
of said third comparator take a level of “1” or
when the outputs of said NOR gate and third com-

parator take a level of *“1”.
* * * * %
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